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ABSTRACT

Objective: To study the outcome of patients with multiple sclerosis (MS) and with natalizumab-
associated progressive multifocal leukoencephalopathy (PML) and immune reconstitution inflam-
matory syndrome (IRIS).

Methods: MedWatch reports from Biogen-ldec (manufacturer of natalizumab, Tysabri®) were re-
viewed which comprised all 42 cases of natalizumab-related PML cases since its reintroduction
until March 201.0.

Results: All except 2 patients with natalizumab-related PML were managed by discontinuation of
natalizumab and plasmapheresis/immunoadsorption (PLEX/IA). Seventeen patients had contrast
enhancement of PML lesions on neuroimaging at the time of diagnosis before withdrawal/removal
of natalizumab (early-PML-IRIS) and 23 patients developed contrast enhancement only after
withdrawal/removal of natalizumab (late-PML-IRIS). All patients developed IRIS. IRIS was defined
as worsening of neurologic deficits during the immune reconstitution following discontinuation of
natalizumab, corroborated by inflammatory changes on neuroimaging. Following PLEX/IA, JC vi-
ral load in CSF increased by >10 fold in those with early-PML-IRIS but <2 fold in late-PML-IRIS.
IRIS developed earlier and was more severe in early-PML-IRIS (p < 0.05). At the last follow-up, all
patients had worse EDSS scores but this was higher in patients with early-PML-IRIS compared to
those with late-PML-IRIS (p > 0.05). Mortality was comparable between the 2 groups, 29.4 +
11% vs 21.7 = 8.8%. Corticosteroid therapy during IRIS was associated with better Expanded
Disability Status Scale outcome, p < 0.05.

Conclusion: Early immunologic rebound in natalizumab-associated PML has worse survival and neu-
rologic outcome. PLEX/IA may accelerate IRIS and its impact on the final outcome is unclear. Cortico-
steroid therapy provides a modest benefit and needs to be systemically studied in a controlled manner
in the management of natalizumab-associated PML-IRIS. Neurology® 2011;77:1061-1067

GLOSSARY

Cl = confidence interval; EDSS = Expanded Disability Status Scale; IA = immunoadsorption; IRIS = immune reconstitution
inflammatory syndrome; MS = multiple sclerosis; PLEX = plasmapheresis; PML = progressive multifocal leukoencephalopathy.

Progressive multifocal leukoencephalopathy (PML) is an uncommon demyelinating disorder
of the CNS that occurs in immunocompromised individuals, especially those with HIV infec-
tion.! PML may occur as a result of reactivation of latent JCV in peripheral reservoirs that then
invades the CNS.? Recently, biological therapies for autoimmune conditions have resulted in
increasing incidence rates of this often life-threatening complication.’> Some of the monoclo-
nal antibody therapies do not directly suppress immunity but rather dramatically alter normal
immune functions or surveillance.®

Natalizumab (Tysabri®, Biogen-Idec Inc, Cambridge, MA) is a humanized monoclonal
antibody directed against the cellular adhesion molecule a4-integrin and is used in the treat-
ment of multiple sclerosis (MS). By inhibiting the egress of lymphocytes from the blood vessels,
it markedly reduces inflammation in the CNS.7#
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Three cases of PML associated with natali-
zumab treatment were first reported in 2005 af-
ter which natalizumab was temporarily taken off
the market.”~"" Between its reintroduction in
November 2006 and March 2010, 42 post-
marketing cases of confirmed PML had
been reported in patients with MS treated
with natalizumab.

Plasma exchange (PLEX) or immunoadsorp-
tion (IA) has been used to remove natalizumab,
thus restoring lymphocyte trafficking into the
brain in patients who developed PML."? Para-
doxically, the effective removal of natalizumab
and sudden restoration of cellular immunity
may cause worsening of neurologic deficits, con-
sistent with the development of immune recon-
stitution inflammatory syndrome (IRIS).

In this retrospective study, we have charac-
terized the clinical manifestations and prog-
nostic factors of natalizumab-associated PML
and the timing of IRIS in this setting.

METHODS We analyzed data from MedWatch reports from
November 2006 to March 2010 obtained from Biogen-Idec, the
manufacturer of natalizumab. During this period, a total of 42
cases of confirmed PML had been reported globally. Follow-up
reports were obtained on these individuals untl August 2010.
We excluded 2 patients from the 42 cases because they had not
received PLEX/IA. We reviewed information on clinical fea-
tures, virologic and immunologic analyses, neuroimaging, treat-
ment, and outcome. Our outcome analysis included patients
with available data with regards to their Expanded Disability
Status Scale (EDSS) score at various time points (table).

PML-IRIS in this cohort was defined by the following clinical
criteria: 1) individuals treated with natalizumab for MS, 2) the diag-
nosis of PML was established by detection of JC virus DNA in the
CSF or by immunohistochemistry on brain tissue following biopsy,
3) worsening neurologic symptoms and signs following cessation of
natalizumab or removal of natalizumab by PLEX/IA, and 4) evi-
dence of extension of lesions with contrast enhancement or mass
effect on neuroimaging in lesions considered to be due to PML.

The neuroimaging in this cohort of patients was atypical of
classic PML, demonstrating inflammatory features of contrast
enhancement and mass effect, like those observed in HIV-
associated PML-IRIS."

We grouped the patients into early-PML-IRIS if there was
contrast enhancement on their neuroimaging in the PML lesions
at the time of diagnosis of PML and before the withdrawal/
removal of natalizumab and late-PML-IRIS if contrast enhance-
ment or worsening features of PML lesions occurred only after
withdrawal/removal of natalizumab. We compared the clinical

characteristics and outcomes between the 2 groups.

Standard protocol approvals, registrations, and patient
consents. Since this was an analysis of a deidentified Med-
Watch database, a formal review by the Institutional Review

Board at our institution was not required.
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Table Clinical characteristics of patients with
early-PML-IRIS and late-PML-IRIS

,_
—

* ‘ ‘

withdrawal of
natalizumab
natalizumab PML PML + IRIS

o] ot e

Early- Late-PML- p
PML-IRIS IRIS Value
Gender, % male 11.8 43.4 0.032
Age,y 423+17 46.0+22 0.3
MS duration, y 114+11 102=+12 046
Natalizumab duration,
mo 248+16 280=x16 0.09
Time between
symptom onset and
diagnosis, mo 31+0.7 18+04 0.08
Time between
symptom onset and
natalizumab stopped,
mo 1.9=+0.7 1.5+04 0.63
Time between PLEX
and

IRIS/deterioration,wk 2.8 + 0.4 43 =03 0.008?

Baseline EDSS 3.8+04 42+04 0.51

EDSS at PML

diagnosis 5603 53+05 0.72

EDSS atIRIS 89+0.2 76+0.5 0.042
EDSS outcome 84 +05 71+05 0.11

Mortality, % 294 +114 21.7+88 059

Abbreviations: EDSS = Expanded Disability Status Scale;
IRIS = immune reconstitution inflammatory syndrome;
MS = multiple sclerosis; PLEX = plasmapheresis; PML =
progressive multifocal leukoencephalopathy.

2 Significant.

Statistical analysis. Multivariate regression was used to pre-
dict correlations. Differences between the 2 groups were assessed
using # test. All statistical analyses were performed with Graph
Pad Prism software version 5.0a (GraphPad Software, San Di-
ego, CA). All values are presented as mean = SEM.

RESULTS Characteristics of patients. There were 12
men and 28 women, with a mean age of 44.5 £ 1.5
years (range 27—67 years). The mean duration of MS
was 10.7 = 0.8 years (range 15 months—20 years).
The mean duration of treatment with natalizumab
was 26.6 = 1.2 months (range 12—-41 months). All
but one patient had been previously exposed to
disease-modifying agents including B-interferon or
glatiramer. Nineteen patients had previously been
treated with some form of immunosuppressive
therapy including azathioprine, mycophenolate
mofetil, methotrexate, cyclophosphamide, or mi-
toxantrone. Neither previous exposure to immu-
nosuppressive agents (8 = 0.04, 95% confidence
interval [CI] = —0.12 to 0.035) nor duration of im-
munosuppressives (B = —2.3, 95% Cl = —5.4 to
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0.84) significantly impacted the outcome. Previous
exposure to immunosuppressive agents was docu-
mented in 29.4% in early-PML-IRIS compared to
56.5% in the late-PML-IRIS, p > 0.05. One patient
had previously received stem cell infusion and an-
other patient had autologous bone marrow trans-
plantation. The duration of natalizumab therapy also
did not impact the outcome.

In all patients in this series, the diagnosis of PML
was established by the demonstration of JC virus in
the CSF or brain tissue. The presenting symptoms of
PML included a combination of cognitive and be-
havioral changes (54.7%), motor weakness (45.2%),
sensory complaints (7.14%), speech disturbance
(23.8%), visual impairment (40.5%), and seizures
(14.2%). The mean baseline EDSS while stable on
natalizumab therapy was 4.1 * 0.3 (range 1-8) and
the EDSS at the time of PML diagnosis had in-
creased to 5.4 * 0.3 (range 2-9). There were more
men in the late-PML-IRIS group (11.8% in early-
PML-IRIS vs 43.4% in late-PML-IRIS, p < 0.05).
While this may be a statistical anomaly as the num-
ber of individuals in each group was small, it may
also suggest that there may be a more robust immune
response to JCV in females, or that the immune cells
were able to cross the blood—brain barrier despite
natalizumab in females, so that there was a higher
ratio of females in the early-PML-IRIS group. There
was no significant difference in other clinical charac-
teristics between the 2 groups (table).

The mean delay between symptom onset and di-
agnosis of PML was 2.3 = 0.4 months (range 1
week—10 months) with no significant difference be-
tween the 2 groups. The delay in diagnosis could be
attributed to 1) the presenting symptoms as well as
neuroimaging of PML being misinterpreted as re-
lapses of MS (n = 15); 2) the high proportion of
patients presenting initially with cognitive changes,
which was more subtle and subjective than physical
disability (n = 9); and 3) the lack of sensitivity of
some local laboratories in detecting JCV in CSF, re-
sulting in inidally false-negative results (n = 5). In
these cases, CSF samples concurrently analyzed in
Dr. Major’s laboratory were positive for JCV. There
was no significant difference in the interval between
symptom onset and natalizumab cessation between

the 2 groups (table).

Relationship of IRIS to PLEX/IA. All but 2 patients
received PLEX/IA following the diagnosis of PML.
Most patients had 35 sessions of PLEX/IA, admin-
istered on alternate days with 1-1.5x plasma vol-
umes in each exchange. Patients who received only 3
PLEX (n = 6) either could not tolerate PLEX or
worsened while on PLEX. All patients initially im-
proved or stabilized with the withdrawal of natali-

zumab and plasmapheresis/IA, but paradoxically
worsened subsequently. The duration from PLEX/IA
to subsequent deterioration was shorter in early-
PML-IRIS compared to late-PML-IRIS. The time
interval between PLEX/IA and the worsening of
IRIS was 2.8 = 0.4 weeks in early-PML-IRIS and
4.3 = 0.3 weeks for development of IRIS in late-
PML-IRIS (p < 0.05). EDSS at the time of develop-
ment of IRIS was 8.9 = 0.2 in early-PML-IRIS and
7.6 £ 0.5 in late-PML-IRIS (p < 0.05). The EDSS
outcome at the last follow-up of 8.4 = 0.9 months
(range 1-24 months) was 8.4 £ 0.5 in early-PML-
IRIS and 7.1 * 0.5 in late-PML-IRIS (p > 0.05).
There was no significant difference in the outcome of
patients who received 3 (n = 6, EDSS outcome =
8.8 * 0.4) vs 5 sessions of PLEX/IA (n = 24, EDSS
outcome = 8.0 = 0.4, p = NS).

Two patients did not receive PLEX/IA. One pa-
tient was diagnosed with PML-IRIS by brain biopsy
5 months after the cessation of natalizumab. The bi-
opsy showed marked inflammation with plasma cells
in the white matter. The astrocytes were markedly
enlarged, some with atypical nuclei. The presence of
JCV was confirmed by immunohistochemistry. This
patient had developed symptoms of IRIS 3 months
post natalizumab cessation, with mild worsening of
ataxia accompanied by an expanding right frontal
juxtacortical lesion and contrast enhancement on
neuroimaging. The patient received no PML-specific
treatment. At the last follow-up (6 months post brain
biopsy), the patient was ambulating with a cane. The
EDSS had remained unchanged since the time of the
diagnosis of PML. Neither did the second patient
receive any PML-specific therapy. The patient deteri-
orated about 2.5 months after natalizumab was dis-
continued, with EDSS of 8.

One patient had further cycles of PLEX upon de-
velopment of symptoms of IRIS. This patient had
received 33 doses of natalizumab when he developed
progressive right hemiparesis. MRI of the brain
showed T2/fluid-attenuated inversion recovery sig-
nal hyperintensity lesions with patchy enhancement
in both hemispheres, worse on the left. He was ini-
tially treated as a relapse of MS. He received PLEX
when JCV DNA was detected in the CSF. There was
some initial improvement with PLEX, but he deteri-
orated with evidence of IRIS about 4 weeks after
PLEX. He was retreated with PLEX and corticoste-
roids, but died 3 weeks later.

There was no correlation between the JCV load at
the time of diagnosis of PML and subsequent out-
come. Nine pairs of CSF samples were available, one
around the time of initial PML diagnosis and the
second around the time of worsening neurologic def-

icits contemporaneous with the development of
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Figure 1 Change of CSF JC viral load before
plasma exchange (PLEX) and post-
PLEX (around the time of immune
reconstitution inflammatory
syndrome)
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IRIS. All but one patient had an increase of CSF JCV
load at the time of development IRIS. In early-
PML-IRIS, there was an increased JCV titer of
24.9 £ 9.7-fold at the time of IRIS. In contrast, in
late-PML-IRIS, the increase in JCV titer was only
1.1 = 0.3-fold, p = NS (figure 1). Only 4 patients

had multiple CSF samples (figure 2). There was an
increase in CSF JCV titer following PLEX, peak-
ing around day 50 after the initiation of PLEX.
JCV load in CSF improved and often became un-
detectable over time. Corticosteroid administra-
tion coincided with either stabilization or a drop

in JCV load.

Effect of treatment of PML and IRIS. In addition to
PLEX/IA, mefloquine and mirtazapine were prescribed
for some patients at the time of the diagnosis of PML.
Twenty-three patients received mefloquine at the time
of diagnosis of PML (9 early-PML-IRIS, 14 late-
PML-IRIS), and in one patient it was started when
late IRIS developed. Twenty-two patients received
mirtazapine (9 early-PML-IRIS, 13 late-PML-IRIS).
Sixteen patients received both mefloquine and mir-
tazapine (5 patients early-PML-IRIS, 11 patients
late-PML-IRIS). There was no difference between
the 2 groups in the use of either mefloquine or mir-
tazapine use. Further subanalysis showed that in the
late-PML-IRIS group, the EDSS of those who re-
ceived mefloquine was 8.9 = 0.4 (n = 10) com-
pared to 8.9 £ 0.6 (n = 7) in those who did not
receive mefloquine (p = NS), while in those with
late-PML-IRIS, the mean EDSS in mefloquine re-
cipients was 8.2 = 0.7 compared to 5.7 * 0.9
(p = NS) in those who were not treated with me-

floquine. Similarly, there was no significant differ-

Figure 2 CSF JC viral load at various time points in relation to plasma exchange (PLEX) and
steroid administration
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ence in the mirtazapine-treated groups. Two

patients received cytarabine and both patients

died.

Corticosteroids usage. Some patients were treated
with corticosteroids at the initial presentation of
PML when their symptoms were mistaken for an MS
relapse. The use of corticosteroids was more com-
mon in the early-PML-IRIS group, probably influ-
enced by contrast enhancement on the initial
neuroimaging. However, the early use of corticoste-
roids (n = 13) had no impact on the eventual out-
come in this group; the mean follow-up EDSS was
8.7 = 0.4 in the treated group and 8.8 £ 0.3 in the
group not treated with early corticosteroid (p = NS).
In late-PML-IRIS, the follow-up EDSS of those
treated with early corticosteroids was 8.8 = 0.8 (n =
6) compared to 6.3 * 0.7 (n = 12) in those not
treated with early corticosteroids (p = 0.05).

When IRIS developed, corticosteroids were used
in the majority of the patients, some with pulse cor-
ticosteroids alone, while others had a more pro-
longed corticosteroid course with slowly tapering
regimens variably over 2-6 weeks. The follow-up
EDSS of patients treated with corticosteroids (n =
22) was 7.4 £ 0.5 compared to 9.1 * 0.6 in the
untreated group (n = 9), p < 0.05. The EDSS of
patients treated with IV methylprednisolone only
(n = 10) was 8.1 = 0.5 vs 6.7 * 0.7 in patients
treated with IV methylprednisolone and a minimum
of 1 month of oral tapering of corticosteroid (n =

12), p = NS.

Outcomes. The overall outcome was worse in those
who developed early-PML-IRIS compared to those
with late-PML-IRIS. The mean follow-up EDSS was
8.7 £ 0.3 in early-PML-IRIS compared to late-
PML-IRIS (7.1 %= 0.6, p > 0.05). The overall mor-
tality rate was 29 = 11% vs 22 = 9% (p = NS) in
early-PML-IRIS compared to late-PML-IRIS.

DISCUSSION Our data suggest that an inflamma-
tory form of PML developed in all cases of
natalizumab-associated PML. Patients appeared to
be differentiated by the time course and patterns of
clinical worsening and contrast enhancement relative
to PLEX after the diagnosis of PML into early and
late IRIS. Even before cessation of natalizumab,
some of the patients had evidence of inflammatory
PML based on contrast-enhancing PML lesions, and
these had earlier clinical evolution after PLEX/IA
and hence we termed this phenomenon early-PML-
IRIS. Cessation of natalizumab alone can cause
immunologic rebound with IRIS, typically with res-
toration of immune surveillance in the CNS (about 3

months postcessation of natalizumab as predicted by

the prolonged biologic activity of this agent). In our
series, the attempted removal of natalizumab with
PLEX/IA was followed by the development or wors-
ening of IRIS in about 3 wecks in the early-PML-
IRIS group and 4.5 weeks in the late-PML-IRIS
group. Early-PML-IRIS was associated with worse
outcome, both in terms of follow-up EDSS and mor-
tality, which was notably high.

There was often a considerable delay between
symptom onset and the actual diagnosis of PML, al-
though neither the delay in diagnosis, the time from
symptom onset to stopping natalizumab, nor the
time from stopping natalizumab to PLEX/IA could
account for the differences between early-PML-IRIS
and late-PML-IRIS.

Treatment of PML requires immune reconstitu-
tion, i.e., removal of natalizumab. Plasma exchange is
effective in accelerating the clearance of natalizumab.
Desaturation of a4-integrin (<50%) occurs when
plasma concentration of natalizumab is <1 pg/mL,
which is achieved 15 days after 3 sessions of PLEX or
at 82 days without PLEX.* This correlates with the
development of IRIS in our cohort; IRIS developed
at a mean of 19 days in early-PML-IRIS or at 2-3
months after stopping natalizumab without PLEX.

Strikingly, all patients with natalizumab-associated
PML developed IRIS, reasons for which may be as
follows: first, natalizumab primarily impacts the traf-
ficking of immune cells, not their competence, re-
sulting in the development of PML-IRIS in the
setting of normal immune competence. The seques-
trated lymphocytes readily enter the brain to mount
a potent immune response when natalizumab is re-
moved. These activated lymphocytes lead to an in-
flammartory reaction at the site of the PML lesion.
Secondly, the peripheral proinflammatory cytokines
and activated cells are increased so that when natali-
zumab is removed, the rebound restoration of im-
mune response is overwhelming. Natalizumab is
associated with peripheral sequestration of proin-
flammatory cells, cytokine-producing T cells, which
may be the direct effect of natalizumab or a second-
ary effect from peripheral accumulation.® Activated
T cells have been shown to cause neurotoxicity via
the release of granzyme B.1

The development of IRIS as we operationally de-
fined it was associated with substantial worsening of
functional outcome, with a mean EDSS deterioration
of 3.1. Perhaps because the inflammatory response was
already well-advanced in the early-PML-IRIS pa-
tients, they had worse neurologic disability and
higher mortality compared to those with late-PML-
IRIS. The development of these 2 forms of IRIS is
not influenced by prior exposure to immune sup-

pressive drugs. These observations also suggest that
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the 2 forms of IRIS may be pathophysiologically dis-
tinct and patients with early-PML-IRIS are able to
mount a much stronger immune response. The ear-
lier manifestation of IRIS in this group may be fur-
ther facilitated by the already breached blood-brain
barrier, as evident by contrast enhancement, that al-
lowed more rapid trafficking of proinflammatory
cells into the CNS resulting in marked increase of
JCV load in CSF, presumably due to more effective
killing of JCV-infected oligodendrocytes leading to
release of viral DNA into the CSF. Unfortunately,
the overwhelming immune and inflammatory re-
sponse can be paradoxical and harmful with poten-
tially fatal results. Viral persistence has been reported
in some cases, despite PLEX/IA and robust IRIS."”
Similarly in HIV-infected patients with PML, 2
forms of IRIS have been recognized.'® In some pa-
tients PML occurs only following antiretroviral ther-
apy and is associated with an inflammatory reaction
and is hence termed simultaneous PML-IRIS. In that
sense it bears similarity to early-PML-IRIS. In other
HIV-infected patients known to have PML, IRIS de-
velops only after subsequent initiation of antiretrovi-
ral therapy. This is termed delayed PML-IRIS and is
similar to late PML-IRIS. While there was no differ-
ence in the outcome between early and late-PML-
IRIS, a previous study in HIV-infected patients
suggested that delayed PML-IRIS may have a worse
prognosis.'?

Although the study was not designed to test efficacy,
mefloquine and mirtazapine did not appear to affect the
outcome of PML in this natalizumab cohort. An ongo-
ing trial of mefloquine (ClinicalTrials.gov identifier:
NCT00746941) for PML associated with HIV and
other forms of PML was recently concluded and analy-
sis is underway.

An IRIS-like phenomenon has been observed in
mycobacterium tuberculosis infections. Adjuvant
steroid therapy in the treatment of tuberculous men-
ingitis in HIV-negative patients improves survival.
Corticosteroid treatment in PML-IRIS is anecdotal
and treatment trials are lacking.

In our series, corticosteroids were used in various
regimens, doses, and formulations, and were admin-
istered at various time points during the course of
PML and PML-IRIS. Early corticosteroid use may
be associated with a worse outcome in the late-PML-
IRIS group, although the worse outcome may at least
in part be attributed to a delay in PML diagnosis.
Early corticosteroids had no effect on the subsequent
development of IRIS in the early-PML-IRIS group.
Conversely, the administration of corticosteroids
following the development of IRIS appeared to be
associated with favorable EDSS outcomes. These ob-

servations may support the use of corticosteroids for
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treatment of IRIS and may favor a prolonged course
of treatment.

The major limitation of data collection from
MedWatch reports was the availability and variabil-
ity of the clinical information. Most of the reporting
physicians remained anonymous and no further data
or follow-up information were feasible. The analysis
of the clinical information was performed only on
available data (table). The use of EDSS, as available
from MedWatch, in this cohort was not ideal as this
has not been validated to assess severity for PML-
IRIS. Nonetheless, as a surrogate, this provided a
measure of neurologic function.

IRIS is universal in these patients with MS who
developed PML in the setting of natalizumab ther-
apy. IRIS is the major cause of morbidity and mor-
tality in these patients, who as a group had
devastating neurologic deficits and a substantial mor-
tality rate. The time to deterioration was shorter in
early-PML-IRIS; this warrants prospective studies to
investigate if plasmapheresis aggravates or worsens
IRIS and if there is a role for less aggressive plas-
mapheresis. Our findings also suggest that prolonged
corticosteroid therapy may be necessary during
PML-IRIS associated with natalizumab, but this re-
quires further investigation.
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Don’t Just Settle—Learn to Negotiate With Hospitals
and Insurers

Register now for a live AAN webinar, “Win, Lose, or Draw? Negotiating with Hospitals and
Insurers” and learn how to effectively negotiate with private insurers and hospital management,
build and maintain positive and productive relationships with them, and utilize the AAN’s Insurer
Relations Toolkit. The 90-minute session led by program director Joel Kaufman, MD, FAAN, takes
place at 12:00 p.m., Eastern Time, Tuesday, September 20. The deadline to register is September
16. Physicians earn 1.5 AMA PRA Category 1 Credits™ per webinar, and non-neurologists (i.e.,
practice and office managers) will receive a certificate of completion redeemable for credits. You can
invite as many attendees to your webinar as you like—you only pay per phone line.

Visit www.aan.com/view/pmb for more information.
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